Pancreatic carcinomas display highly complex chromosomal abnormalities, including many structural and numerical aberrations. There is ample evidence indicating that some of these abnormalities, such as recurrent amplifications and homozygous deletions, contribute to tumorigenesis by altering expression levels of critical oncogenes and tumor suppressor genes. To increase the understanding of gene copy number changes in pancreatic carcinomas and to identify key amplification/deletion targets, we applied genome-wide array-based comparative genomic hybridization to 31 pancreatic carcinoma cell lines. Two different microarrays were used, one containing 3,565 fluorescence in situ hybridization-verified bacterial artificial chromosome clones and one containing 25,468 cDNA clones representing 17,494 UniGene clusters. Overall, the analyses revealed a high genomic complexity, with several copy number changes detected in each case. Specifically, 60 amplicons at 32 different locations were identified, most frequently located within 8q (8 cases), 12p (7 cases), 7q (5 cases), 18q (5 cases), 19q (5 cases), 6p (4 cases), and 8p (4 cases). Amplifications of 8q and 12p were mainly clustered at 8q23-24 and 12p11-12, respectively, whereas amplifications on other chromosome arms were more dispersed. Furthermore, our analyses identified several novel homozygously deleted segments located to 9p24, 9p21, 9q32, 10p12, 10q22, 12q24, and 18q23. The individual complexity and aberration patterns varied substantially among cases, i.e., some cell lines were characterized mainly by high-level amplifications, whereas others showed primarily whole-arm imbalances and homozygous deletions. The described amplification and deletion targets are likely to contain genes important in pancreatic tumorigenesis.
INTRODUCTION
Pancreatic carcinoma is the fourth leading cause of cancer-related death in the United States and is characterized by a highly aggressive tumor phenotype leading to a median survival of 6 months and a 5-year survival rate of only 3% (1) . At the cytogenetic level, pancreatic carcinomas show many structural and numerical abnormalities. Frequent chromosomal imbalances include trisomy 7 and 20; monosomy 18; partial or whole-arm gains of 3q, 5p, 8q, 11q, 12p, 17q, 19q, and 20q; and losses of 1p, 3p, 6q, 8p, 9p, 15q, 17p, 18q, and 19p (2, 3) . These findings have been corroborated by a number of comparative genome hybridization (CGH) studies (4 -8) , which moreover have led to the identification of numerous regions showing genomic amplifications, most commonly observed within 5p, 7q21-31, 8q22-qter, 12p11 -12, 19q , and 20q. Genomic amplifications and homozygous deletions are believed to contribute to tumorigenesis by altering expression levels of critical oncogenes and tumor suppressor genes.
For these reasons CGH/fluorescence in situ hybridization (FISH; Refs. 5, 7, 8) and loss of heterozygosity analyses (9 -12) have been used to map frequently altered chromosomal regions in a wide variety of human neoplasms. The precise definition of chromosomal changes by these methods, however, has to date been hampered by the low resolution or inefficiency associated with these techniques. In cases in which more detailed analyses have been undertaken, regions harboring identical amplicons as determined by CGH have shown a considerable degree of heterogeneity (13) .
The introduction of array-based CGH (14, 15) and the vast amounts of mapping data that have recently become available through the human genome effort have greatly facilitated the analyses of diseaserelated amplified or deleted chromosomal regions (16 -19) . To increase understanding of the complex gene copy number changes occurring in pancreatic carcinomas and to identify key amplification/ deletion target regions, we applied whole-genome array-based CGH on a panel of 31 pancreatic carcinoma cell lines. For this purpose we used two different microarray platforms, one containing 3,565 FISHverified bacterial artificial chromosome (BAC) clones and one containing 25,648 different cDNA clones representing 17,494 UniGene clusters. Using this strategy, we successfully detected and confirmed the majority of previously known larger gene copy number alterations characteristic for pancreatic carcinomas. In addition, this approach resulted in the identification and precise molecular definition of several amplified as well as deleted regions likely to contain genes involved in pancreatic tumor formation and/or progression.
MATERIALS AND METHODS
Tumor Cell Lines. A total of 31 pancreatic carcinoma cell lines were included in the investigation. Fifteen of these, LPC1p-LPC8p and LPC10m-LPC15p, were low-passage cell lines (5-10 passages) established at the Department of Clinical Genetics in Lund as described by Gorunova et al. (3) . The clinical and histopathological data for LPC1p-LPC12m have been reported previously (3, 9) . LPC13p and LPC14p originated from moderately differentiated primary ductal adenocarcinomas from 60-and 78-year-old males, respectively, whereas LPC15p was derived from a more complex primary tumor in a 66-year-old female. The remainder of the investigated cases were obtained from American Type Culture Collection (Manassas, VA) and Deutsches Krebsforschungszentrum (Heidelberg, Germany) and consisted of AsPC-1, BxPC-3, Capan-2, CFPAC-1, DANG, HPAF-II, Hs700T, Hs766T, HupT3, HupT4, PANC-1, PaTu8902, PaTu8988S, PaTu8988T, SU.86.86, and SW1990. As a control for normal gene copy numbers, DNA from lymphocytes of healthy males was used.
Array-Based CGH. Array-based CGH was performed with BAC and cDNA microarrays. 3 The BAC arrays contained a total of 3,565 colonypurified FISH-verified clones, including ϳ3,200 clones selected through an international collaboration to cover the genome with a 1-Mb resolution (20) , and clones specifically selected for previous studies (21) (22) (23) . Preparation, labeling, hybridization, and scanning procedures for BAC arrays were performed as described in detail by Vissers et al. (24) .
The cDNA microarrays were obtained from the Swegene DNA microarray resource center at Lund University 4 and consisted of 25,648 different cDNA clones representing 17,494 UniGene clusters. Labeling and hybridizations were performed essentially as described by Pollack et al. (25) , and slide preand post-treatments were performed using the Universal Microarray Hybridization Kit (Corning, Acton, MA) according to instructions provided by the manufacturer. Fluorescence intensities were quantified on an Agilent G2565AA microarray scanner (Agilent Technologies, Palo Alto, CA).
Analyses of microarray images from both BAC and cDNA hybridizations were performed with GenePix Pro 4.0 (Axon Instruments, Inc., Foster City, CA). For each spot, the median pixel intensities minus the median local backgrounds for both dyes were used to obtain the ratio of test gene copy number to reference gene copy number. Data normalization for BAC arrays was performed for each array subgrid by applying linear regression, and data from cDNA arrays were normalized over the entire array by Lowess curve fitting (26) with a smoothing factor of 0.33. The normalizations were performed with the software package SAS, version 8.0 (SAS Institute, Cary, NC), and the web-based database BASE (27) for the BAC and cDNA arrays, respectively. Mapping information regarding clone locations, cytogenetic bands, and genomic contents were retrieved from the University of California Santa Cruz genome browser (July 2003 freeze) 5 and UniGene build 164 at the National Center for Biotechnology Information. FISH. The FISH analyses were performed essentially as described previously (28) . Briefly, isolated BAC or P1-derived artificial chromosome DNA was labeled with either biotin-or digoxigenin-conjugated dUTP by use of the Megaprime DNA labeling kit (Amersham). After labeling, the DNA was purified on a Sepharose CL-6B column (Amersham). The hybridization signals were analyzed in a CytoVision Ultra system (Applied Imaging, Santa Clara, CA). The genomic clones used as probes were obtained from BACPAC Resources.
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Verifications of Homozygous Deletions. Potential homozygous deletions were identified by use of the criterion that at least two adjacent BAC clones had to fulfill the deletion threshold ratio, determined as a value less than or equal to Ϫ3 SD of the particular hybridization. For sensitivity reasons only information from the BAC arrays was used in the identification of deletions. To independently verify homozygous deletions, primers for sequence tagged sites (STSs) within or between potentially lost BAC clones were obtained. All primer sequences were retrieved from UniSTS at the National Center for Biotechnology Information. Apart from the STSs contained near or within selected BAC clones, four STSs corresponding to known or putative tumor suppressor genes located close to regions suspected to be deleted were investigated. These genes, and their respective STSs, were CDKN2A (RH103023), SMAD4 (RH75869), RSU1 (RH103137), and DEC1 (SHGC-85730). All 31 cell lines were screened for all markers, and as a control for a functional PCR in cases with homozygous deletions, primers for ACTB were multiplexed in all reactions.
RESULTS
Array-Based CGH. Microarrays containing either BAC or cDNA clones were used to identify local genomic amplifications and homozygous deletions in a panel of 31 pancreatic cancer cell lines. Generally the BAC and the cDNA analyses correlated very well (Fig.  1) . To further validate the microarray results and to estimate the correlation between gene copy number ratios and gene copies as determined by chromosome analysis, FISH analyses were performed on two cases using probes on 8p, 8q, and 20q. The results from these Fig. 2 . The array analysis of LPC3p indicated equal underrepresentation of 8p and 8q, shown by log 2 ratios close to Ϫ0.35 over the entire chromosome ( Fig. 2A) . FISH analysis revealed the presence of two normal chromosomes 8 in cells with chromosome numbers close to 60, i.e., near-triploid cells (Fig. 2B) . The equivalent analysis of LPC13p showed one normal chromosome 8 and three additional 8q signals on two other chromosomes (Fig. 2C) , also in accordance with the array findings, which showed average log 2 ratios of Ϫ0.47 for 8p and 0.67 for 8q. However, the number of 8p:8q copies as determined by microarray analysis (1.4:3.2 copies) underestimated the gene copies obtained by FISH (1:4 copies). The 20q copy number profile of LPC3p indicated high-level amplification (8-fold) of a small segment within 20q13.2 ( Fig. 2A) . The comparable FISH analysis showed three chromosomes 20, one normal and two with high-level amplification of the P1-derived artificial chromosome probe RP4-724E16, located at the center of the amplicon (Fig. 2, A and D) . The corresponding analysis of LPC13p displayed the presence of two normal chromosomes 20 ( Fig. 2E ), in agreement with the array results (average log 2 ratio of 0.06). Thus, an overall good correlation between the array-based CGH and FISH results was observed. The wholegenome array-based CGH profiles showed that all of the investigated cases contained larger copy number alterations but that the aberration complexity varied substantially among individual cases. This is illustrated by the profiles for LPC13p, which harbors only a few changes, and for DANG, which in addition to numerous gains and losses also indicates the presence of several high-level amplifications and potential homozygous deletions (Fig. 3) .
Genomic Amplifications. Amplifications were defined as regions containing two or more adjacent clones displaying log 2 gene copy number ratios Ն1.0 on at least one of the microarrays. For size determination, the amplicons were assigned with the distance between their flanking unamplified clones, i.e., the closest clones showing consistent log 2 ratios Ͻ1.0, taking both array platforms into consideration. In total 60 amplicons at 32 different locations were detected (Table 1) , showing log 2 ratios between 1.0 and 3.5. The amplicons ranged from 0.4 to 38.1 Mb in size, with average and median sizes of 8.4 and 4.5 Mb, respectively, indicating that the majority of amplicons were rather small. Many of the smaller amplicons were well defined, showing sharp increases in gene copy number ratios compared with neighboring clones, whereas the larger amplicons typically showed central peaks flanked by gradual gene copy number decreases. The regions most frequently involved in amplifications were located at 6p21-22, 7q21-31, 8p11-12, 8q23-24, 12p11-12, 18q11-12, and 19q13.2.
Four cases showed amplifications of 6p21-22. These included two commonly amplified regions, each involving two cases ( Table 1) . The distal region, equivalent to the HupT3 amplicon that was entirely included in the SW1990 amplicon, was 4.4 Mb in size and included almost 400 genes/UniGene clusters. The proximal commonly ampli- Fig. 2 . Fluorescence in situ hybridization (FISH) validation experiments. A, array-based comparative genome hybridization copy number profiles showing 8p, 8q, and 20q in cases LPC3p (purple) and LPC13p (blue). The profiles of the log 2 ratios for test versus reference gene copy numbers were generated from the hybridizations to cDNA clones, which within each chromosome arm are presented as a moving average (symmetric four nearest neighbors) and according to their positions (in Mb) on the University of California Santa Cruz genome browser (July 2003 freeze). Positions and colors of the bacterial (BAC) and P1-derived artificial chromosome (PAC) probes used for FISH analyses are shown below the respective profiles. B, FISH hybridization to LPC3p using the BAC probes RP11-79H13 located on 8p (red) and RP11-10G10 on 8q (green). C, FISH hybridization to LPC13p using the BAC probes RP11-79H13 located on 8p (red) and RP11-10G10 on 8q (green). D, FISH hybridization to LPC3p using the PAC probes RP4-724E16 located on 20q13.2 (red) and RP4-511B24 on 20q12 (green). E, FISH hybridization to LPC13p using the PAC probes RP4-724E16 located on 20q13.2 (red) and RP4-511B24 on 20q12 (green). fied segment, corresponding to short peripheral sequences of the LPC3p and SU.86.86 amplicons (Fig. 4) , was significantly smaller (0.4 Mb) than the distal region. This recurrently amplified segment contains 37 genes/UniGene clusters, including CCND3. The amplification in LPC3p was also investigated by FISH (Fig. 5A) , which confirmed the high-level amplification indicated by array-based CGH.
Amplicons within 7q were observed in five cases. These were heterogeneous with regard to both size and location (Table 1 ; Fig. 4 ), resulting in complex interpretation of commonly amplified regions. The first region, determined by the proximal amplicon border in LPC12m and the distal amplicon border in LPC14p, was located in 7q21.1-7q22.1, was 19.3 Mb in size, and contained 665 genes/UniGene clusters, including HGF and CDK6. Together with LPC12m and LPC14p, AsPC-1 and Hs700T contributed to amplification of two to three cases over the entire stretch (Table 1 ; Fig. 4 ). The second commonly amplified region, observed in two cases, was more easily defined and extended over 16.4 Mb within 7q22.3-7q31.3. This region, which was defined by the proximal border in DANG and distal border in Hs700T (Table 1 ; Fig. 4) , contained almost 450 genes/ UniGene clusters and included HGFR (MET). A total of four different amplicons were observed within 8p: one in LPC11p/LPC11m, derived from a primary tumor and a metastasis from the same patient (9), one in HupT3, and two in DANG. All of these were small, in the range of 1.7-2.5 Mb (Table 1) , and nonoverlapping. The profiles for DANG and HupT3 are shown in Fig. 4 .
The chromosome arm most frequently involved in amplifications was 8q, for which eight cases revealed amplifications. On the basis of amplicon size and location these appeared to fall into two categories. In three of the cases, small local 8q24.21 amplifications were seen, 1.2-3.1 Mb in size, and included MYC. The remaining cases contained larger overlapping amplicons ( Table 1) . Some of the cases showed constant levels of amplification over the whole region, whereas others, such as HupT3, displayed large segments with high-level amplifications interrupted by shorter stretches of low-level amplifications, indicating a modular amplicon structure (Fig. 4) . The commonly amplified region, affected in all five cases with larger 8q23-24 amplifications, was 15.5 Mb in size (Table 1) and harbored almost 600 genes/UniGene clusters, including MYC.
Seven cases showed amplifications of 12p. The amplicons ranged from 5.4 to 17.4 Mb in size and were located mainly within 12p11-12, except in cell line PaTu8902, in which the amplification was located at the distal 12p13. The cases with amplifications in 12p11-12 showed a commonly amplified segment extending from BCAT1 to PTHLH, a region 3.2 Mb in size. This segment contains nearly 150 genes/UniGene clusters, including KRAS2 and PPFIBP1. Interestingly, both LPC4p and DANG showed marked discontinuities in their levels of amplification in which the most amplified segments were located distal to the commonly amplified region. In LPC4p the amplification maximum extended from SOX5 to CMAS, whereas the overlapping maximum in DANG was located ever further distally, extending to the gene PIK3C2G at 12p12.3 (Fig. 4) . Five cases showed amplifications of 18q, ranging from 1.9 to 8.6 Mb in size (Table 1 ). LPC11p and LPC11m had an amplicon within the distal 18q12, a region of ϳ7 Mb. Because the array-based CGH data suggested that this amplification was located at the very end or at close proximity to a deletion breakpoint (Fig. 1) , BAC clones for the amplification and for proximal and distal segments were used for FISH. As seen in the inset in Fig. 5B , the BAC clone RP11-91K12, representing the amplified region, is located at the very end of the deleted derivative chromosome 18. The interphase nucleus shows the presence of two normal and three derivative chromosomes 18, corroborating the copy number profiles. PaTu8988S and PaTu8988T showed a proximal amplicon within 18q11, ϳ2 Mb in size, that overlapped with the distal 0.8 Mb of the amplicon in LPC6p (Table 1) . Because PaTu8988T and -S, and LPC11p and -m represent primary and metastatic tumors derived from the same respective patients, this was the only region defined as recurrently amplified on 18q. The segment contains 17 genes/UniGene clusters.
Amplifications of 19q were seen in five cases. SU.86.86 contained two separate amplicons, one proximal and 6.5 Mb in size, and one very small distal, ϳ0.4 Mb in size ( Table 1 ). The proximal amplifications included the amplifications seen in LPC6p, PANC-1, and PaTu8988T. The overlapping segment, amplified in at least three cases, was 1.1 Mb in size and included 78 genes/UniGene clusters. AKT2, known to be amplified in pancreatic carcinomas, was included in the PANC-1 and SU.86.86 but not in the LPC6p and PaTu8988T amplifications. The amplicon in LPC3p was distal to the commonly amplified segments in SU.86.86, LPC6p, PANC-1, and PaTu8988T (Fig. 4) .
Homozygous Deletions. Thirteen segments were identified as candidate regions for homozygous deletions. Examples of such segments are shown in Fig. 6A . PCR analysis of STSs within the identified regions confirmed that seven segments, located within 9p24, 9p21, 9q32, 10p12, 10q22, 12q24, and 18q23, were homozygously lost in at least one case. The deletions were searched for previously described Fig. 5. Fluorescence in situ hybridization validation experiments. A, hybridization of the bacterial artificial chromosome (BAC) probes RP11-136C6 (red) and RP11-174E21 (green) to the 6p21 amplification in LPC3p. The image shows the metaphase chromosomes of a near-triploid genome containing two normal chromosomes 6 and two marker chromosomes demonstrating high-level amplification of the BAC clone RP11-136C6, located at the center of the amplicon. B, hybridization to LPC11p using the BAC probes RP11-79G13 (yellow), RP11-91K12 (red), and RP11-89M10 (green), located in proximal to distal order within 18q. The inset shows metaphase chromosomes of a normal chromosome 18, for which all three signals are present, and a marker chromosome showing presence of the proximal probe (RP11-79G13; yellow), amplification of the central probe (RP11-91K12; red), and deletion of the distal probe (RP11-89M10; green). The interphase nucleus below the inset illustrates the presence of two normal chromosomes 18, seen as three-color clusters to the upper left and right, and three marker chromosomes seen as red and yellow clusters located between and below the normal chromosomes 18. Fig. 6 . Homozygous deletion results. A, copy number profiles from hybridizations to bacterial artificial chromosome (BAC) clones, showing log 2 ratios of test to reference gene copy numbers along chromosome 9 for cases BxPC-3 and HupT4. Clones in profiles and the ideograms below are displayed according to their positions/sizes (in Mb) in the University of California Santa Cruz genome browser (July 2003 freeze). The horizontal bars indicate the Ϫ3 SD thresholds in the respective hybridizations and the BAC clones at the large copy number decreases, the sequences from which sequence tagged sites (STSs) were selected for verifications. B, PCR verifications of homozygous deletions. The image shows agarose gel photos of ACTB, the control for functional PCR, and of STSs deleted in at least one cell line for all cases displaying at least one homozygous deletion. To the right, the names of the STS markers are given, as are the BAC clones or genes they were derived from, and the cytogenetic bands in which they are located according to the University of California Santa Cruz genome browser (July 2003 freeze). BxPC-3 (Fig. 6B) . The tumor cell lines were also screened for homozygous deletions of SMAD4 and CDKN2A, both known to be homozygously deleted in pancreatic cancer. CDKN2A was deleted in 11 of the 31 cases and SMAD4 in 3 cases (Fig. 6B) . As for the number of homozygous deletions present in the individual cases, BxPC-3 was the most affected case, showing loss of both alleles at six different genomic locations.
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potential tumor suppressor genes in an interval extending 2 Mb upstream and downstream from the marker used to verify the homozygous deletion, which revealed that DEC1 was included in the 9q32 deletion in
DISCUSSION
We performed array-based CGH to map genome-wide DNA copy number alterations in a panel of 31 pancreatic carcinoma cell lines. Because the most common chromosomal imbalances have previously been identified in pancreatic carcinomas (2, 3), we focused on the more extreme forms of chromosome imbalances, i.e., local high-level amplifications and homozygous deletions. As the analysis of gene copy numbers directly on pancreatic tumor biopsies is hampered by their strong desmoplastic reaction, resulting in a large fraction of nontumorous cells in the biopsies, the present analysis was performed on pancreatic cancer cell lines. Two different microarrays were used, one containing 3,565 well-characterized BAC clones and one containing 25,468 different cDNA clones. Generally the data from these analyses correlated very well and provided convincing support for one another. Because of uneven clone distribution for certain genomic regions, the arrays furthermore complemented each other and the combined sets provided good coverage over the entire genome. To validate the results we performed single-copy FISH analyses using nine different BAC clones. The FISH analyses corroborated the array results in every instance, which showed that results obtained with array analysis were reliable in identifying both low-level gains and losses of larger regions and high-level local amplifications. However, comparison of gene copies determined by FISH with copy numbers obtained with array-based CGH indicated that the latter sometimes underestimated the real gene copy numbers, similar to what has been noted by others using the same techniques (15, 25) .
In total 60 amplifications at 32 different genomic locations were detected. These ranged from 0.4 to 38.1 Mb in size and showed log 2 test:reference ratios between 1.0 and 3.5. The nature of the amplicons varied from normally distributed shapes with imprecise borders to amplicons with well-defined borders and large log 2 ratio differences for amplified clones compared with their nonamplified neighbors. Some profiles showed clear stepwise increments in the copy number ratios within amplicons, such as the 12p amplicons in LPC4p and DANG, or the division of larger amplicons into smaller segments, as observed in the 8q amplification in HupT3 (Fig. 5) . The presence of modular structures could imply that the mechanisms causing these amplifications are related to breakage-fusion-bridge cycles, which are known to generate block-by-block amplified sequences (29) . In fact, in a previous FISH analysis of the 12p amplicon in LPC5m we demonstrated the presence of such repeated segments resulting in a high-level amplification (13) .
A total of 21 of the 31 investigated cell lines had acquired detectable local amplifications. These were found in 10 of the LPC cell lines and 11 of the established cell lines. The number of amplicons per case ranged from 1 to 6, with the exception of HupT3, in which 10 local amplifications were observed. No differences were seen between the low-passage and the established cell lines with respect to the number of amplifications or in the distribution of amplicon sizes. Thus, the low-passage and established cell lines were comparable with respect to amplicon contents.
Segments that showed a reduction in gene copy number ratios corresponding to at least Ϫ3 SD for the respective hybridizations for a minimum of two consecutive BAC clones were selected as potential homozygous deletion targets. In total, 13 candidate segments were found, of which 7 were verified by STS analysis, all previously unreported in pancreatic cancer. Only one of these contained a previously described putative tumor suppressor gene, DEC1 (30) . Although the applied criteria identified several deletions, this analysis was by no means exhaustive. This was apparent by the inconsistency between PCR and the array-based CGH in detecting homozygous deletions of CDKN2A and SMAD4. However, in several cases where CDKN2A was homozygously deleted, the single BAC clone CTD-2097K16, which covers the tumor suppressor gene, showed log 2 ratios below Ϫ3 SD. Moreover, because the sizes of homozygous deletions are expected to be quite small, a higher density array may be needed to fully appreciate the extent of homozygous deletions.
Thirteen cases were found to have at least one homozygous deletion. Of these, the majority had one to two deletions, the exception being BxPC-3, in which at least six were present. BxPC-3 was also exceptional in that no local amplifications were detected in this cell line, only whole chromosome-arm changes. This points to the possibility that genomic/ karyotypic evolution may be directed toward many local amplifications and few homozygous deletions, as in the case of HupT3, or toward many homozygous deletions and few or no local amplifications, as in the case of BxPC-3. On the basis of cytogenetic investigations, a similar division of karyotypic pathways into those dominated by gains and those dominated by losses is seen in several solid tumor types (31) (32) (33) . Although BxPC-3 and HupT3 may represent extremes, these could, at the molecular level and in progressed tumor types such as pancreatic carcinomas, correspond to tumor subgroups that may show a pronounced amplification or deletion phenotype.
Several regions of the genome were involved in recurrent amplifications. Among these, the amplicons within 8q23-24 and 12p11-12 were significantly more clustered than amplicons on other chromosome arms. The occurrence in pancreatic cancer of 8q amplifications and, more specifically of MYC, has been reported previously (34, 35) . In the present study, amplifications of distal 8q were identified in eight cases that formed two apparent groups. The first group included five cases, which showed larger amplified regions, 17-33 Mb in size. The commonly amplified region in these cases was 15.5 Mb in size, a chromosomal section including almost 600 genes/UniGene clusters. The second category included three cases with small amplicons, Յ3.1 Mb in size. Their recurrently amplified segment was determined to a size of 1.2 Mb, a sequence containing MYC as the only fully annotated gene.
The 12p amplifications were homogeneous with regard to location, i.e., the majority of the amplicons were located within 12p11-12. A commonly amplified 3.2-Mb region was identified that contained 147 genes/UniGene clusters, including KRAS2 and PPFIBP1. We had previously characterized this region by use of FISH and STS mapping techniques, and the results from the present investigation confirm our previous findings (13) . However, because the arrays used in the present study provide a higher resolution and better coverage than the previously used mapping techniques, the amplicons in LPC4p, LPC5m, DANG, and SU.86.86 were found to extend more distally, and to overlap with the commonly amplified 12p segment described in testicular germ cell tumors (23, 36) , and to include the DAD-R, SOX5, and EKI1 genes (37) .
Amplifications in other locations of the genome were more complex with regard to amplicon organization. The analysis of 6p revealed two commonly amplified regions, a larger region in 6p21.3-22.1 and a smaller region in 6p21.1, including CCND3. Within 7q, two larger recurrently amplified regions were mapped. These included HGF and HGFR (MET), respectively, which have been shown to be simulta-neously overexpressed in pancreatic cancer (38) , suggesting autocrine cell signaling. The two genes were, however, not concomitantly amplified in any of the cases in this investigation. The AKT2 oncogene, located at 19q13.2, is amplified in 10% of pancreatic carcinomas (39) . In the present study five cases showed amplifications of 19q, two of which included AKT2.
The amplifications located in 8p and 18q, respectively, showed short or no overlaps and were significantly smaller than the average amplicons. The small sizes of these amplicons are interesting in light of the fact that 8p and 18q are chromosome arms frequently lost in pancreatic cancer (3, 40) . This could indicate that 8p and 18q contain large stretches of sequences that are preferentially lost in the tumor environment and that this restricts the sizes of gained/amplified 8p and 18q segments, a hypothesis also supported by the two amplicons at 9p (1.1 Mb) and 15q (2.1 Mb), which also show frequent loss in pancreatic carcinoma. Nevertheless, the sizes of these amplicons have most probably made them undetectable, or uncertain, in previous CGH analyses. Notably, the 18q amplifications in LPC11p/LPC11m were located close to or at the deletion breakpoint. Similar colocalization of genomic amplifications and deletion breakpoints has been described in head and neck cancer (41) .
More than half of the detected amplicons were smaller than 5 Mb, and one-third were smaller than 2.5 Mb, indicating that the majority of amplifications are less than a cytogenetic band in size. Furthermore, because the detection level of amplified segments by the current arrays is estimated to be 0.5-1.0 Mb, several even smaller amplicons may have remained undetected in the present investigation. Pancreatic carcinomas therefore contain many more amplifications than previously appreciated. This and the finding of homozygous deletions in at least 13 of the cases indicate a high level of genomic plasticity in pancreatic carcinomas.
